Hemispheric differences in a letter classification task*
The experiment examined hemispheric differences in same-different judgments for unilaterally presented letter pairs which could be classified as "same" on the basis of name identity (NI, e.g., Aa) or physical identity (PI, e.g., AA). Two groups of Ss were tested, a right-handed group and a predominantly left-handed group. The experiment employed a reaction time measure, and fixed the duration of brief exposures to yield an overall performance level of 90% correct. Analysis of the results focused on the difference between RTs for the NI matches and for the PI matches in each hemisphere. The method allowed differences in cognitive processing to be assessed while sensory and response factors were minimized. The right-handed group all showed a smaller mean NI-PI difference in the left hemisphere (84 msec) than in the right hemisphere (181 msec). The left-handed group showed smaller and less consistent differences, but the group as a whole had a reversed asymmetry, with a mean NI-PI difference of 128 msee in the left hemisphere and 90 msec in the right hemisphere.
Laterality differences have repeatedly been demonstrated in the visual perception of verbal, as opposed to nonverbal, stimuli. In many studies, attentional set and directional scanning tendencies derived from reading habits have contributed to the effect, but it is generally agreed that the differences are at least partly attributable to the functional specialization of the hemispheres for linguistic and visuo-spatial processing (White, 1969) . Even so, the methods used lack precision since stimuli characterized by the E as "verbal" or as "nonverbal" may not be processed as such. Ss are notoriously ingenious at labeling the most abstract patterns, and conversely, linguistic stimuli such as words and letters may sometimes be treated as physical configurations.
The present experiment utilizes a method introduced by Posner and Mitchell (1967) This method can therefore be combined with unilateral presentation of the letter pairs to study the relative speed and accuracy of each hemisphere for the name identity (NI) matches and for the physical identity (PI) matches. Previous research, extensively reviewed by White (1969) gives rise to the following predictions for right-handed Ss.
The dominant hemisphere should yield superior performance for NI matches, since when these are presented to the minor hemisphere they are either transferred across the corpus callosum for analysis in the major hemisphere, with subsequent loss of time and possibly of information, or handled by a more primitive and unpracticed linguistic system.
There is some evidence to suggest minor hemispheric superiority for visuo-spatial processing (Buffery, in press; Kimura, 1963) . Lateralization of this function would produce superior performance for PI matches presented directly to the minor hemisphere. The combined effect of such a crossed asymmetry of function would be a smaller NI-PI difference in the major hemisphere (N! scores being relatively reduced and PI scores elevated), and conversely, a larger NI-PI difference in the minor hemisphere.
Comparison of the performance of groups of left-handed and right-handed Ss in this task was also expected to provide some information about the extent to which asymmetry of either the verbal or visuo-spatial functions is present, absent, or reversed in sinistrals. Miller (1971) and Levy ( 1969) have suggested that left-handers may possess bilateral language representation at the expense of a specialized visuospatial function in the minor hemisphere. They found left-handers equalled right-banders at verbal IQ tests, but were significantly poorer at visuo-spatial tests. If their view is correct, the sinistral group should show little or no difference in NI scores between the hemispheres, but be relatively poorer at PI matches. If, on the other hand, left-handers have unilateral language representation which may be either ipsilateral or contralateral to the preferred hand (Zangwill, 1960) , then NI scores for individual Ss should show hemispheric differences, although the direction of asymmetry may vary within the group.
METHOD Stimulus Materials
The stimuli were pairs of letters which were printed on 6 x 4 in. plain white cards with Letraset, 24-pt Folio Light, Bauer. The letters were placed one above the other to eliminate horizontal scanning effects. The total set of 240 letter pairs was divided equally: on one-third of the stimulus cards, the pair was central; on one-third, it appeared 3 deg of visual angle to the left of the fixation point; and on one-third of the cards, it appeared 3 deg right of fixation. A distance of 3 deg was selected as being far enough off center to be nonfoveal, without being so far as to fall in an area of insufficient visual acuity. The three positions were randomly interspersed throughout the series in order to prevent the formation of expectancies which could bias attention, or give rise to anticipatory eye movements. Half of all the letter pairs were different, and half were same. The same pairs were subdivided into PI pairs (like AA or aa) and NI pairs (like Aa or aA). The different pairs could be either both uppercase (AB), both lowercase (ab), or mixed (Ab, aB), so that case could not be used as a classification cue. Nine types of letter pairs resulted: in the center, CNI, CPI, and CD; in the left visual field, LNI, LPI, and LD; and in the right visual field, RNI, RPI, and RD. All these were mixed randomly throughout the whole series.
The letters selected as stimuli were A B D E G H R T N Q. All these letters appeared equally often in all types of pairs. None of these letters form what Posner (1969) has called analog pairs, in which the uppercase and lowercase versions are physically similar, so that NI pairs could never be matched by physical cues.
Procedure The stimuli were presented in a three-field tachistoscope by Electronic Developments, Ltd. A plain white preexposure field (duration, 500 msec; illumination level, 1.1 log fL) with a small central fixation point was followed by the stimulus field (illumination level, .8 log fL). A plain white postexposure field, also .8 log fL, was present for 1 sec, and there was a dark interval between trials.
The stimuli were viewed monocularly with the preferred eye, since there is some evidence that with binocular viewing laterality effects can be accounted for by a combination of eye dominance and the superiority of the crossed optic pathway (Hayashi & Bryden, 1967) . The nonpreferred eye was occluded with a commercial eyepatch.
Pilot work for this experiment had been carried out using a verbal response and an accuracy measure. The exposure durations were adjusted to yield a 75% correct level of performance, and the percentage of correct responses was scored for each type of letter pair within each hemisphere. This method showed some trend toward a smaller NI-PI difference in the major hemisphere, but was discarded as being insufficiently sensitive. It seemed possible that the extent of the NI-PI difference in the minor hemisphere was being obscured by requiring a verbal response. If name matches are handicapped because the stimuli must be transmitted across the corpus callosum before nominal analysis can take place, this disadvantage could be partially cancelled out because the verbal response can be emitted directly by the hemisphere in which the analysis is performed. Physical matches can be carried out in the minor hemisphere, but the result must then be transferred to the other hemisphere before it can be signaled. Thus hemisphere-of-output and h emisphere-of-analysis effects are confounded. And, although the output effects would be primarily on speed of response, some reduction in accuracy might also result. Accordingly, the design finally adopted employed a keypress response and a latency measure.
The E initiated the trial after a verbal warning signal. The S sat with his hands resting lightly on the response keys, which were labeled "same" and "different." Right-handed Ss had the "same" key allocated to the right hand, and the "different" key to the left hand. Left-handed Ss had the opposite arrangement. The keypress required a gross whole-hand movement, and there is evidence that such movements can be mediated by either hemisphere. [Filbey and Gazzaniga (1969) found that RT differences between hemispheres disappeared when a manual response was substituted for a verbal one.]
The exposure duration of the stimulus was fixed individually for each S at the first session. The aim was to find the duration which would yield a performance of about 90% correct over all types of trial. A rough and ready titration technique was employed. Exposure duration was initially set at 10 msec and reduced as performance improved with practice. Duration was then adjusted in ascending and descending steps until the required proportion of two errors in 20 trials was obtained in two consecutive 20-trial series. The exposure durations thus selected ranged from 3.75 msec to 6 msec. Durations of this order are clearly far too short to allow eye movements.
The Ss were instructed to classify the letter pairs as "same" if the letters had the same name, and "different" if they did not, and to press the appropriate key as fast as possible while trying to avoid errors. The onset of the stimulus field triggered an Advance timer which was stopped by the keypress response. Error incidence and reaction times were noted, and the S was informed of both after each trial. Error trials were replaced later in the series, the number of trials intervening being sufficient to ensure that the S was not aware of the replacement. Ss were instructed to fixate the central dot, and were reminded at intervals throughout the experiment to maintain fixation.
Subjects
The Ss were university and preuniversity students of both sexes, without previous experience of this kind of experiment. All Ss completed a handedness questionnaire, the Edinburgh Handedness Inventory. This queried hand preference for 10 common tasks, such as writing, striking a match, etc., and also foot and eye preference. Six Ss were fully right-handed for all tasks, with right eye preference. Six Ss were predominantly left-handed (the only inconsistencies were in use of eating implements), and left-eyed. None of these Ss had a uniformly left-handed family history; they represent individuals with a strong left-hand preference rather than the infrequently encountered "pure" left-handers.
They were paid for their services. Each attended for four sessions. The first session was devoted to practice and to titrating the exposure duration. Several Ss were discarded from each group during this preliminary testing because they were unable to reach the 90% correct level of performance, even with exposure durations two or three times as long as those fixed for the other Ss. The subsequent sessions tested at the rate of 80 trials per session. The task was found to be fatiguing, and longer sessions were impracticable.
RESULTS
The results are set out by pair types in Table 1 . The most relevant aspect of these results is the NI-PI difference; that is, the magnitude of the difference in RTs for name matching and for physical matching within each hemisphere. Hemispheric asymmetry of cognitive function is more likely to be revealed by comparison of the magnitude of the NI-PI difference in the left and in the right hemispheres. A direct comparison of, for example, n arne match scores between hemispheres might reveal differences arising from unequal visual acuity in the two half fields. By focusing on the relationship between NI and PI scores within each hemisphere, sensory and response asymmetries are minimized and the asymmetry of cognitive function is pinpointed.
All of the right-handed Ss show a larger NI-PI difference in the right hemisphere. Four out of six left-handers show the reverse effect, a larger NI-PI difference in the left hemisphere. SS M.W. and G.S. have small differences in the other direction.
Wilcoxon matched-pairs signed-ranks tests were carried out to compare the NI-PI difference in each hemisphere. For the right-handed group, the NI-PI difference is greater in the right hemisphere, and this difference is significant at p < .025.
For the left-handed group the NI-PI difference does not vary significantly between the hemispheres.
Two three-way analyses of variance were performed, one for each group of Ss. The factors were Ss by Type of Processing (name match/physical match) by Visual Field (RVF/LVF). In the right-handed group, the interaction of Type of Processing by Visual Field was significant, F(1,5) = 11.17, p < .025. Subsequent Newman-Keuls tests showed that mean reaction time for RNI was significantly faster than LNI, and that LPI was faster than RPI; i.e., name matches are faster in the left hemisphere, while physical matches are faster in the right. The analysis of variance for the left-handed group did not produce a significant interaction of Type of Processing by Visual Field, so that a posteriori tests were not performed.
Although a smaller number of errors occurred for the centrally projected letter pairs, the numbers of errors occurring in the left and in the right visual fields was almost exactly equal (RNI=52, LNI=53; RPI=25, 
, so that differences in RTs between the visual fields cannot be attributed to a difference in the speed-error tradeoffs.
DISCUSSION
The results confirm the predicted hemispheric asymmetry in the right-handed group. The task which requires verbal labeling of the stimuli is better performed when the letters are projected directly to the major hemisphere. The minor hemisphere is superior for physical analysis. This crossed asymmetry produces the smaller NI-PI difference in the left hemisphere. There are two possible explanations for these findings.
Unilateral Representation
If the linguistic and the visuo-spatial functions are completely lateralized, the difference in reaction time is attributable to the extra time required to transmit the stimulus across the corpus callosum for processing in the appropriate hemisphere. Estimates of transcallosal transmission time are usually of the order of .5 to 10 msec (Moscovitch & Catlin, 1970) , but larger differences in reaction time would result if the signal required a train of impulses rather than a single one, or if information was lost in transit so that the analysis was rendered more difficult. The use of brief exposures with consequent reduction of information probably has the effect of sharpening the differences in decision time. The increase in reaction time caused by transcallosal transmission would be enhanced if further information loss occurs along the pathway making the decision more difficult.
Bilateral But Unequal
Representation It is also possible that all stimuli are processed directly in the hemisphere to which they are projected, and that differences are attributable to a degree of lateralization rather than absolute specialization of function. Gazzaniga's (1970) results with split-brain patients suggest that the right hemisphere, though mute, can comprehend simple verbal stimuli and make nonverbal responses. Evidence from lesions suggests that visuo-spatial processing is not completely absent in the left hemisphere, but that the right hemisphere "plays a proportionately greater role [Milner, 1962] ." It is quite possible, therefore, that letters can be name-matched in the right hemisphere, although more slowly and less accurately, and similarly that physical matches can be carried out in the left hemisphere although with suboptimal performance. The results do not allow the inference that transcallosal transmission is essential. And, of course, it is perfectly plausible that the verbal function and the visuo-spatial function are differently organized, so that the unilateral representation explanation applies to one and the bilateral but unequal explanation applies to the other.
Confidence in the integrity of the findings of these experiments is increased by consideration of two further points from the data. The uniformly lower scores for the foveally projected stimuli provide a check that fixation was in fact maintained, and the interaction of hemisphere with type of processing provides evidence that the results are not due to hemisphere-hand connections. Since "same" responses are always made with the dominant hand, an overall su periority of the dominant hemisphere would be expected if response effects were crucial. Similarly, the results cannot be due to hemisphere-eye connections, since the superiority of the crossed optic pathway would produce a consistent advantage for the nasal hemiretina.
In the left-handed group, the NI-PI difference shows smaller and less con sis tent variation between hemispheres. The results can be interpreted as showing that some Ss have a functional lateralization similar to that of the right-banders, but in the opposite direction, while others have equal bilateral representation. There is no evidence to support the hypothesis that bilateral representation of language is achieved at the expense of visuo-spatial abilities in left-handers. The left-handers have shorter latencies for all categories of stimulus. The superiority of their physical match scores is more marked in the left hemisphere than in the right. While the mean PI latency for right-handers is shorter in the right hemisphere, for left-handers it is shorter in the left. So that while there is some indication of a reversed lateralization of the visuo-spatial function, there is no hint of an overall deficit.
The scores for the "different" responses are not easy to interpret. Since the "different" letter pairs must be named before they can be classified as different, a superiority of the dominant hemisphere, as in the NI matches, would be predicted. Table 1 shows that only 4 of the 12 Ss have shorter "different" RTs in the same hemisphere as they have shorter NI RTs. Semmes (1968) suggested that the right hemisphere might be specialized for judgments of dissimilarity and the left for judgments of similarity. A mechanism of this kind might underlie the conflicting results for the "different" responses.
The main interest of these experiments lies in the fact that they confirm a hemispheric difference of cognitive function and its connection with handedness. Whereas previous studies related hemispheric differences to the type of stimulus presented, the differences are here related directly to the type of processing required.
